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TOOL CALIBRATOR AND TRACKER SYSTEM 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to a tool calibrator for a medical tool tracking system. 



BACKGROUND OF THE INVENTION 
5 Three-dimensional diagnostic images of the brain, spinal cord, and other body portions can be 

produced by diagnostic imaging equipment such as CT scanners, magnetic resonance imagers, three- 
dimensional fluoroscopes, and the like. These imaging modalities often provide structural detail with a 
resolution of a millimeter or better. Image guided interventional systems have been developed to utilize 
this data to assist a doctor, surgeon or other specialist in connection with planning of an medical, surgical 

10 or other type of interventional procedure and in accurately locating a region of interest within the body of 
a patient during the procedure. 

Image guided interventional systems may also be used to display position and orientation of a 
medical tool with respect to the images of the patient during a interventional procedure. Multiple views 
of patient image data are typically displayed on a monitor visible to the person handling the tool during a 

15 medical or medical procedure. These views may include axial, sagittal, and coronal views of the patient. 
A fourth oblique view is sometimes displayed, presenting image data in a plane orthogonal to a tip of the 
tool. The location of the tip of the tool, the tool's trajectory, and diameter of the tool head are displayed 
on one or more of these images. The algebraic distance between the tip of the tool and a desired position 
may also be displayed numerically on the monitor. 

20 Given the nature of image guided procedures, it is necessary to be able to track the location of the 

tip of the tool, the tool's trajectory, and diameter of the tool head with a high degree of precision, often 
requiring calibration to less than a millimeter in accuracy. The position and orientation of tools are 
tracked by use of a tracking system. The tracking system tracks the tools by detecting the position of 
three or more markers that have a known geometric relationship with respect to each other and to the tool. 

25 The tracking system may utilize any type of tracking technique, for example optical, magnetic, radio 
frequency, and fiber-optic, to name a few. The markers can be, depending on the type of system, passive 
or active. One well known example of a tracking system uses as markers spheres that reflect infrared 
energy. The tracking systems baths the spheres in infrared radiation. Multiple, spatially separated 
cameras are used detect the relative positions of the spheres. 

30 The position indicating elements, or markers, are positioned in a unique pattern for each tool in 

order to allow the tracking system to be able to distinguish one tool from another. In other words, the 
unique pattern can be said to characterize the tool. The tracking system is preprogrammed with 
information related to where the tip and trajectory of each tool is with respect to the tool's position 
indicating elements and with information related to the diameter of the tool head. For instance, with 

35 respect to a tracked probe having three infrared emitters, the tracking system maintains information 
related to where the tip of the probe is with relationship to a selected point on a plane defined by the three 
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infrared emitters. Based on this information, a precise location of the tip can be calculated and displayed 
on one of the monitors. 

In a variety of medical tools such as drills, probes, endoscopes, etc., it is often beneficial to a 
doctor, surgeon or other individual to make changes to the tool which may affect the positioning of the tip 
5 as well as the diameter of the tool head. For instance, on a medical drill it is often helpful for the surgeon 
to be able to change the size and length of a drill bit to perform different medical procedures. Further, 
with respect to the probes, it is often desirous to replace different length and diameter shafts on the probe 
handle in order to reach different regions in the patient. 

Unfortunately, because the position of the tip of each tool with respect to the tool's position 

10 indicating elements and the tool head diameter in conventional systems are preprogrammed changes to 
the tool which affect the location of the tip and diameter of the tool head cannot easily be made. If 
changes are made, an operator needs to measure the new relationship between the tip of the tool and the 
tool's position indicating elements and enter this information into the computer. Further, information 
related to a new diameter of the tool head may also need to be entered. This process is time consuming 

15 and cumbersome. If the new information is not entered into the tracking system, the tip of the tool will 
not be properly tracked and displayed on the monitor. 

It is desirable to allow standard surgery tools to be used with image guided intervention systems. 
This feature would help to keep down the cost of image guided surgeries. Such a tool calibrator is 
disclosed in U.S. Patent No. 5,987,960, which is incorporated herein by reference. The tool calibrator 

20 includes two movable blocks shaped to slidably engage and secure a tool in a desired position. The tool is 
secured by a series of staggered V shaped grooves on each of the two movable blocks having a known 
geometrical relationship with a diameter of a tool head of the tool. The tool calibrator further includes at 
least one position indicating element for communicating a location of the tool calibrator in an operating 
room or other area. A position and direction of a tip of the tool is determined by comparing a location of 

25 the tool secured within the tool calibrator to the location of each of the two movably blocks. Further, 
based on the location of each of the two movable blocks, the diameter of the tool head is calculated. The 
tool calibrator is able to calibrate a location of a tip of a tool, a direction in which the tip is pointing, and a 
diameter of a tool head all at once. The direction in which the tip of the tool is pointing is determined by 
comparing a relationship between position indicating elements connected to each of the two movable 

30 blocks securing the tool with position indicating elements connected to the tool. The location of the tip of 
the tool is determined by comparing the location of the position indicating elements connected to the tool 
calibrator to the location of position indicating elements connected to the tool. The diameter of the tool is 
determined by virtue of a known geometrical relationship between the V shaped grooves of two movable 
blocks and the diameter of the tool head. 

35 

SUMMARY OF THE INVENTION 

In order to simplify and/or make more accurate the process of calibrating a standard medical or 
surgical tool for use in an image guided interventional system, a standard medical or surgical tool's axis is 
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located by attaching to the tool a plurality location indicating elements or markers having a known 
geometric relationship, and placing the tool in a tool calibrator that supports the tool in a manner that 
allows tools of different diameters to be rotated while maintaining the tool's axis in a fixed or stable 
orientation. As the tool is rotated, a marker locating system tracks the positions of the markers on the tool 
5 and then extrapolates or determines the axis of rotation with respect to the markers clamped to the tool. 
The tool calibrator may further include a second set of position indicating elements or markers with fixed 
geometric or spatial relationship with one another and with respect to a stop, against which the end or tip 
of the tool is placed. The marker locating or tracking system determines the orientation and position of 
the tip of the tool with respect to the markers attached to the tool. Therefore, a range of standard medical 
10 tools can be accurately calibrated in a comparatively simple fashion, thus avoiding the need of specially 
constructed tools. 

In one example, a frame of a tool calibrator for supporting a surgical or medical tool or 
instrument is configured so that it contacts the tool at at least two separate locations along its axis, thereby 
permitting any tool having a diameter within some defined range of diameters to be supported and rotated 

15 with its axis in a stable or fixed location. The tool calibrator may also incorporate an element that holds 
the tool against the frame 2s it is being rotated. 

In another example, a tool calibrator for an image guided interventional system forms a support 
frame using a groove, preferably a "V" shaped or similar groove, formed in a surface for receiving the 
tool and holding in a fixed position its axis as it is rotated. The tool calibrator further includes a tool 

20 holder operable to retain the tool in the groove as it is being rotated, and a tool stop operable to retain a tip 
of the tool in a fixed location with respect to the calibrator. The tool calibrator has a plurality of position 
indicating elements with fixed spatial relationship with one another and to the tool stop. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIGURE 1 is a perspective view of a representative example of an operating room in which a tool 

. calibrator and medical or surgical instrument tracking system may be deployed. 
FIGURE 2 is a perspective view of an example of a tool tracker. 
FIGURE 3 is an elevational view of the tool tracker. 

FIGURE 4 is a perspective view of an exemplary embodiment of a tool calibrator. 
30 FIGURE 5 is a perspective view of the tool tracker and tool calibrator. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view of an operating room 10 in which a tool calibrator and tracker 
system 12 is deployed and used with an image guided surgery system 14. Tool calibrator and tracker 
35 system 12 includes a tool calibrator 16 and a tool tracker 18. Tool tracker 18 is attachable to a tool 20, 
such as a medical probe, drill or endoscopes. Tool 20 is operable to be installed in tool calibrator 16 to 
register the tool to the image guided system. A locating system 22 is mounted in a known position 
relative to an table 26 upon which a patient will be supported. Locating system 22 may be mounted in 

3 
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another manner with respect to another suitable known location in operating room 10. The locating 
system included, in the illustrative embodiment, is a passive infrared optical system that includes two 
cameras 24 on an infrared radiation source that illuminates the viewing area of the cameras with infrared 
radiation. Such systems are well known. However, although the illustrated embodiment may be most 
5 advantageously used with a passive infrared tracking system, the invention, in its most general aspects 
may be utilized with any type of tracking system, including other types of optical systems, RF, magnetic, 
acoustic or ultrasonic, and fiber optic systems. Furthermore, active position indicating elements or 
markers, such as, for example, LEDs, may be used in place of the passive ones that are shown in the 
illustrated embodiment. Power for such elements may be ultrasonic, RF, or magnetic. 

10 As described in more detail below, tool tracker 18 and tool calibrator 16 each includes a plurality 

of position indicating elements detectable by locating system 22, which are used to provide location and 
orientation information of tool 20 to image guided surgery system 14. 

Referring to FIGURE 2 and FIGURE 3 for a more detailed perspective view and an elevational 
view, respectively, of tool tracker 18 of the present invention. Tool tracker 18 provides a detachable tool 

15 reference frame that is locatable in space by locating system of image guided surgery system 14. Tool 
tracker 18 includes a frame that supports at least three positions indicating elements in a fixed and known 
relationship. A frame having a "Y" shaped configuration as illustrated, will tend to reduce the 
opportunity of the frame to occlude a position indicating element full view of locating system 22. The 
frame of the tool tracker includes at least two prong members 30 and 31 coupled to a central member 32 

20 in a generally Y-shaped configuration. Prong members 30 and 32 may vary from one another in length, 
and the respective angles they extend from the axis of handle member 32 may be different in shape and 
length. In the embodiment shown in FIGURE 2, prong member 30 is longer than prong member 31. 
Coupled to generally the distal ends of prong members 30 and 31 are position indicating elements 34 and 
35, respectively, which are positioned spaced apart from one another. At least one other position 

25 indicating element 36 is coupled to handle member 32, located spaced apart from position indicating 
elements 34 and 35 and situated in the same plane as devices 34 and 35. Position indicating elements 34 
and 35 are in the illustrated embodiment, passive reflectors, but could instead be another type of marker 
or position indicating element (e.g. active infrared or sonic transmitters), which are detectable by locating 
system 22. 

30 A medical tool is releasably fastened to tool tracker 18 by means of, for example, a clamp. A 

clamp offers an advantage that no modification to a medical tool is necessary for fastening the medical 
tool to the tool tracker. In the illustrated embodiment, clamp 38 secures representative medical tool 20 to 
tool tracker 18. Fasteners such as screws 40 and 41 may be used to attach clamp 38 to handle member 32. 
Clamp 28 is preferably a C-shaped clamp with two coordinating parts 43 and 44, which may be tightened 

35 around medical tool 20 by a device such as a thumbscrew 42. Coordinating parts 43 and 44 of C-clamp 
28 include two opposing fingers 46 and 47 which point slightly toward one another to ensure a secure 
hold and fixed known position of tool 20 with respect to tool tracker 18 when coordinating parts 43 and 
44 are tightened. As shown in FIGURE 3, tool 20 is pushed by fingers 46 and 47 toward the back 
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surfaces of clamp 38, and engages the corners of both coordinating parts 43 and 44 of clamp 38. This 
ensures a solid four-point contact between tool tracker 18 and tool 20. 

FIGURE 4 is a more detailed perspective view of tool calibrator 16 of the present invention. 
Tool calibrator 16 includes a base 50 and a top surface 51. Top surface 51 lies in a plane that is at an 
5 acute angle, a, relative to the plane formed by base 50. The inclined top surface allows the user to better 
present the tool to cameras 24 during calibration for improved detection. A plurality of position 
indicating elements 54-57 are secured in a fixed known and spaced relationship with one another to top 
surface 51. Position indicating elements 54-57 may be passive or active and are detectable by cameras 24 
of locating system 22 to provide location and orientation information to image guided medical system 14. 

10 A groove or channel 60 in the shape of a V is formed into top surface 51 running substantially the entire 
length of tool calibrator 16. A stop 62 is formed at a known and fixed location to allow the tip of a tool 
(not shown in this view) inserted into V-groove 60 to rest against stop 62. A wider and deeper expansion 
slot 64 is formed in groove 60 immediately prior to tool stop 62. Slot 64 can accommodate tool tips that 
have a larger diameter or than the body of the tool or with an irregular shape to still allow the tool to rest 

15 snuggly in V-groove 60. The locations of V-groove 60 and stop 62 relative to position indicating 
elements 54-57 are provided to or stored in image guided surgery system 14 to be used during calibration. 
A self-actuating tool holder 66 is positioned above V-groove 60 to securely hold the tool in the groove. 
Self-actuating tool holder 66 may be a spring biased ball clamp, which operates with lever action to allow 
the tool to slide underneath and past a ball spring 68 without requiring the user to adjust or open the 

20 clamp with a second hand. Ball spring 68 is typically constructed from a ball bearing having a smooth 
surface and biased by a spring housed in a cylindrical chamber in self-adjustable tool holder 66. 
Preferably, self-actuating tool holder 66 is positioned substantially mid-point between stop 62 and the end 
of V-groove 60, so that the force of the ball-spring is operable to hold the tool securely in place. To make 
tool calibrator 16 lighter in weight, several cutouts or cavities 68 and 70 are formed in the body of the tool 

25 calibrator without influencing the overall integrity of tool calibrator. 

FIGURE 5 is a perspective view of tool tracker 18 holding tool 20 in alignment with tool 
calibrator 16. Tool 20 is held by clamp 38 of tool tracker 18 for inserting tool 20 into tool calibrator 16 
along V-groove 60 until the tip of the tool comes to a stop against stop 62. Self-actuating tool holder 66 
guides and holds tool 20 snuggly against the sides of V-groove 60. 

30 i To register the axis of tool 20, the user situates tool calibrator 1 6, tool tracker 1 8 and tool 20 such 
that all position indicating elements 34-36 and 54-57 are detectable by cameras 24 (FIGURE 1). The user 
then enters a predetermined command into image guided surgery system 14 to initiate the calibration 
process. The user then rotates tool tracker 18 and tool 20 first in one direction than in the other direction. 
In one embodiment, tool tracker 18 and tool 20 are first rotated at least 60 degrees in one direction, and 

35 then 120 degrees in the other direction. Ball spring 68 allows tool 20 to roll smoothly in place while 
being rotated to reduce potential registration errors. The tool rotation allows cameras 24 to capture and 
relay the location of position indicating elements 34-36 as the tool is rotated to image guided surgery 
system 14. From the position information, the longitudinal axis of tool 20 in space can be triangulated 

5 
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and determined. Furthermore, because the tip of tool 20 is at a known location due to the capture and 
relay of the location of position indicating elements 54-57, the spatial relationship of the tool tip to tool 
tracker position indicating elements 34-36 can also be determined. After calibration, tool 20 can be 
withdrawn from tool calibrator 16, but its position and orientation may be continually tracked by 
5 capturing the position and orientation of tool tracker position indicating elements 34-36 by the tracking 
system of image guided system 14. As a result, the position of the tool axis and tool tip are known to 
image guided system by tracking the position of elements 34-36. 

Unlike some conventional systems, the tool tracker and tool calibrator system of the present 
invention can be used with any tool with general dimensions not more than specified size limits. The use 

10 of C-clamp 38, self-actuating clamp 66 and expansion slot 64 accepts tools with a wide variety of sizes 
and geometries. The present invention does not require the use of special medical tools that has built-in 
position comprising markers. Since the tool registration process is not dependent on determining an 
actual tool diameter as in conventional systems, any tool with a generally symmetrical geometry may be 
used. Another advantage of the present invention is that a surgeon or assistant can position the tool in 

15 tool calibrator 16 without using a second hand to hold the calibrator or operate any clamp to hold the tool 
in the calibrator. Only one hand holding the tool and tool tracker is needed to situate the tool. The angled 
top surface of the tool calibrator further provides the advantage of a greater line-of-sight presentation to 
the cameras to capture and record the location and orientation of the position comprising elements on the 
tool calibrator. As described herein, the tool tracker and tool calibrator have simple shapes and simple 

20 construction, which allow them to be more easily and economically manufactured. 

It will be understood by those skilled in the art that various changes, alterations, modifications, 
mutations and derivations in form and detail may be made to the forgoing examples without departing 
from the scope of the invention as set out in the appended claims. 



6 
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WHAT IS CLAIMED IS: 

1 . A system for calibrating the orientation of an axis and the location of a tip of a medical or 
surgical tool to position locating elements affixed to the tool, the system comprising: 

a system for determining attributes of a tool, comprising a tool calibrator including: 
5 a support for receiving a medical or surgical tool so that a longitudinal axis of the tool 

remains fixed as the tool is rotated on the support; 

a tool stop operable to retain a tip of the tool; and 

a plurality of position indicating elements having fixed and known spatial relationships 
with one another and to the tool stop. 

10 

2. The system, as set forth in claim 1, further comprising: 

a tool holder operable to retain the tool on the support as it is being rotated. 

3. The system, as set forth in claim 2, wherein the tool holder includes a clamp. 

15 

4. The system, as set forth in claim 2, wherein the tool holder includes a self-actuating ball 
spring clamp. 



5. The system, as set forth in claim 1, wherein the plurality of position indicating elements 
20 comprise at least three energy reflectors secured to the tool calibrator. 

6. The system, as set forth in claim 1, further comprising a tool position tracker having a 
plurality of position indicating elements in fixed spatial relationships with one another, the tool tracker 
operable to be secured to the tool. 

25 

7. The system, as set forth in claim 1, wherein the support is comprised of a channel defined 
in a surface. 



8. A system for registering a medical or surgical tool to an image tracking system, 
30 comprising: 

a tool calibrator comprising: 

a groove for receiving the tool so that a longitudinal axis and a tip of the tool remain 
fixed to the tool is rotated within the groove; and 

a first plurality of position indicating elements having fixed spatial relationship with one 
35 another and to the groove; and 

a tool tracker comprising: 

a second plurality of position indicating elements in fixed spatial relationships with one 
another, the tool tracker operable for securing the tool. 

7 
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9. The system, as set forth in claim 9, wherein the groove has an axis disposed at an acute 
angle relative to a base of the tool calibrator. 



10. The system, as set forth in claim 9, wherein the tool calibrator further includes a tool 
5 holder operable to retain the tool in the groove. 

11. The system, as set forth in claim 9, wherein the tool calibrator comprises a tool stop 
operable to retain a tip of the tool in a fixed and knowable position relative to the first plurality of position 
indicating elements. 

10 

12. The system, as set forth in claim 9, wherein the tool holder includes a clamp. 

13. The system, as set forth in claim 9, wherein the tool holder includes a self-actuating ball 
spring clamp. 

15 

14. The system, as set forth in Claim 9, wherein the groove is formed in a top surface. 



15. The system, as set forth in claim 14, wherein the tool calibrator further comprises an 
expansion slot formed adjacent to the tool stop operable to receive an enlarged tool tip or an irregularly 

20 shaped tool tip. 

16. The system, as set forth in claim 14, wherein the plurality of position indicating elements 
comprise at least three passive, energy reflectors secured to the top surface of the tool calibrator. 

25 17. A method of registering a tool to an image guided system, comprising: 

attaching to the tool a first plurality of position indicating elements having a predetermined 
spatial relationship with one another; 

placing the tool onto a support of a tool calibrator operable to permit rotation of the tool about a 
known axis, the tool calibrator having a second plurality of position indicating elements secured thereto; 
30 rotating the tool on the support guided system detecting with a tracking system the positions of 

the second plurality of position indicating element to detect the first and second plurality of position 
indicating elements while the tool is being rotated; and 

registering the tool tip and a tool longitudinal axis spatial location relative to the detected 
locations of the first and second plurality of position indicating elements. 



35 



18. The method, as set forth in claim 17, wherein inserting the tool comprises sliding the tool 
along the groove and under a self-actuating ball spring clamp operable to retain the tool snuggly in the 
groove. 

8 
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19. The method, as set forth in claim 17, wherein inserting the tool comprises sliding the tool 
along the groove until the tool tip comes to rest against a tool stop. 



20. A method of calibrating a medical or surgical tool to a tracking system, comprising: 

5 attaching to the tool a plurality of position indicating elements having a predetermined spatial 

relationship with one another; 

placing the tool onto a support frame of a tool calibrator adapted for permitting rotation of the 
tool about an axis; 

detecting with a tracking system the positions of the plurality of position indicating elements 
1 0 while the tool is being rotated; and 

determining the position of the axis relative to the plurality of position indicating elements based 
on detected positions of the plurality of position indicating elements while the tool is being rotated. 

21. The method, as set forth in claim 20, wherein the support includes a tool stop, wherein 
15 placing the tool onto the support frame includes placing a tip of the tool adjacent the tool stop, and 

wherein the method further includes determining a position of the tip of the tool relative to the plurality of 
position indicating elements based on a known location of the tool stop. 

22. The method, as set forth in claim 21, wherein the known location of the tool stop is 
20 derived from determining with the tracking system positions of a second plurality of position indicating 

elements having a known spatial relationship to the tool stop. 

23. The method, as set forth in claim 20, wherein the support frame includes a groove formed 
in a surface of the tool calibrator. 

25 

24. The method, as set forth in claim 20, wherein the groove is substantially "V" shaped. 

25. The method, as set forth in claim 24, wherein placing the tool onto the support frame 
comprises sliding the tool along the groove and under a self-actuating ball spring clamp operable to retain 

30 the tool snuggly in the groove. 

26. The method, as set forth in claim 20, wherein the tool is rotated first in one direction then 
in an opposite direction. 



9 



WO 02/061371 



1/5 



PCT/US02/03035 




WO 02/061371 PCT/US02/03035 

2/5 




WO 02/061371 



3/5 



PCT/US02/03035 




WO 02/061371 



4/5 



PCT/US02/03035 




WO 02/061371 



5/5 



PCT/US02/03035 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/USO2/O3035 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :G01C 17/38 
US CL :73/1.79 

According to Internationa! Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 73/1.79. 1.81, 104. 1.75; 356/243.1; 348/135, 140, 142, 61; 606/130 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
none 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
none 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
A 
A 



US 5,987,960 A (MESSNER et al) 23 November 1999 
(23.11.1999), see entire document. 

US 5,517,990 A (Kalfas et al) 21 May 1996 (21 .05. 1996), see entire 
document. 

US 5,186,174 A (Schlondorff et al) 16 February 1993 (16.02.1993), 
see entire document. 



1-16 
1-26 
1-26 



| | Further documents are listed in the continuation of Box C. £j See patent family annex. 



♦ Special categories of cited documents: 

■A" document defining the general stare of the art which is net considered 

to be of particular relevance 

B E" earlier document published on or after the international filing date 

"L" document which may throw doubts on priority claJm(s) or which is 
cited to establish the publication date of another citation or other 
special reasoo (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 

means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



T later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

"X" document of particular relevance; the claimed mvention cannot be 

considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

"Y" document of particular relevance; the claimed mvention cannot be 

considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
27 MAY 2002 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 



Form PCT/IS A/210 (second sheet) (July 1998)* 



Date of mailing of the international search report 



Authorized officer 
Deborah P. Vega 

Paralegal Specialist 




